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The listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claim$i 

L (original) A circuit for use in a digital display unit of a computer system, and circuit for 
generating a plurality of pixel data elements fiom an analog image data received by said digital 
display unit, said digital display unit further receiving a time reference signal associated with 
said analog image data, said time reference signal having a high frequency, said circuit 
comprising: 

an analog-to-digital converter (ADC) for receiving said analog image data, said ADC 
sampling said analog image data using a sanqjling clock to generate a plurality of pixel data 
elements corresponding to said plurality of pixels, wherein said sampling clock has a sampling 
fiequency equal to said high frequency; 

a clock generator ciiouit comprising a phase-locked loop (PUS) circuit for generatuig said 
sampling clock, wherein said sampling clock is synchronized with said time reference signal 
with a jitter of less than a few lano-seconds. said PLL comptinng: 

a discrete time oscillator (DTO) for receiving a digital input and generating a signal 
representative of said sampling clock with a fiequency detemiined by said digital input; and 

a digital circuit for receiving said time reference signal and a fbedbaok signal, wherein 
said feedback signal is generated by dividing said sampling clock, said digital circuit generadng 
said digital input according to the difference of the phases of said time reference signal and said 
feedback signal, said digital input causing said DTO to generate said signal synchronized with 
said time refaence signal, said digital circuit comprising: 

a frequency correction logic for adjusting the phase of said sampling clock 
according to the long-term drifte in the fiequency of said time reference signal; and 

a phase correction logic for adjustiixg the phase of said sampling clock according 
to the phase difference in said feedback signal and said time reference signal, 

wherein said frequency correction logic and said phase correction logic are 
imjilemented as two separate control loops, 

wherdn a panel mterface included in said digital display unit can generate display 
signals for a display screen based on said plurality of pixel data elements. 
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2. (ori^nal) The circuit of claim 1, wherein said clock generator circuit further comprises an 
analog filter to elimiaate any undesirable frequencies from said signal repres^tative of said 
sampling clock to generate said sampling clock. 

3. (original) The circuit of claim 1, furtiier comprising a phase and frequency detector for 
determining the difference of phase between said feedback signal and said time reference signaL 

4. (original) The circuit of claim 3, further comprising a charge/discharge control logic for 
determining the amount of phase correction to be made based on the determination of said 
difference of phase. 

5. (original) The circuit of claim 1, wherein said analog image data and said time reference signal 
are received on two separate signal paths. 

6. (original) The circuit of claim 5, wherein said reference clock comprises a binary signal. 

7. (original) The circuit of claim 1, wherein said digital circuit distributes phase error between 
said feedback signal and said reference signal during a comparison cyde by changing the phase 
of individual clock pulses hi said sampling clock. 

8. (original) The circuit of claim 1, wherein said frequency collection logic generates a multi-bit 
number, w^ierein said multi^bit number is representative of the amount of phase advance of said 
sampling clock generated by said DTO during a DTO clock period, and whetdn said multi-bit 
representation enables said PLL to reach said sampling frequency within a short duration. 

9. (original) The circuit of daim 1, wherein said frequency correction logic comprises: 

a first multiplessor accepting as input Pnom and Fdp values, wherein Pnom represents an 
expected frequency of said sampling clock and Fdp represents the correction due to the long- 
term frequency drifts; 

a flip-flop for storing a value representative of the phase collection corresponding to the 

frequency coirection logic; 

an adder for adding or subtracting the output of said first multiplexor from the value 
stored in said flip-flop, wherein the output of said adder is stored in said flip-flop; and 
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a frequency correctioD control coupled to said flip-flop and said adder, wherein said 
frequency correction control causes said flip-flop to be set to Pnom at the begimjing of a phase 
acquisition phase, and wherein said frequency correction control causes said adder to add or 
subtract Fdp depending on whelher the sampling clock is early or lale in comparison to said time 
reference. 

10. (original) The circuit of claim 1, further comprising: 

a phase and frequency detector for determining the difference of phase between said 
feedback signal and said time reference signal, wherein said phase and frequency detector asserts 
an EARLY signal a number of clock pulses proportionate to the difference of phase by which 
said feedback signal is earlier than said lime reference signal and a or a LATIE signal a number of 
pulses proportionate to the difference of phase by which said feedback signal is later thsin said 

time reference signal; and 

a charge/discharge control logic implemented using digital components, said 
charge/discharge control logic including a phase integrator, said charge/discharge control logic 
charging said phase integrator according to the number of pulses said EARLY signal or said 
LATE signal is asserted, said charge/discharge logic discharging over a longer period of time 
than the charging period so as to spread the difference in phase over a comparison cycle, wherein 
the phase of said sampUng clock is corrected during the discharging period. 

11, (original) The circuit of claim 10. further comprising a sign and zero crossing detector for 
correcting any over-correction performed by said charge/discharge logic during said dischargiiig 
period. 

12. |;t,~..> a ^fh a digital display unit foy trn>^ratiTip a plffljO^tY of d^g^taA 
A... .i.^ent. from analog ^ d^received hv .s^id digital display nnit. wher^ 3»id 
^^.pU y ,,T,it fi^rtber rec H v^^ - tix^e reference signal bavinfi ^ time reference signa l 

^^^I'l^ftv a<;sneipt^ ^«ith ^aid anf1.^a image data, said circuit comprising; 

«r, ar.>.1n |>-tQ-digit»1 nryi^v^er (A r^C^ for samplinP snid analog image (jfttfi using a 
c^mpHTi f, t^lock to geP^te said olu raHtv of digital imBI*«> data g^mettts; 
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p r.^^r^c p^^rator circni ^ for generatin g said sampling clock that is $vnchTx>iiized vdtfa said 
time referenr.ft siorial and rftt^eive.^ a digital input and pene r ates a sxp;na.1 represeutjilive of 
said sampling cloclc with a frequency ^i^t^inf^A hv .said digital input; and 

a dip jtftl cireuit for Teod.ving saiH ihme refere nce sign al md ft feedb ack si|>nal, Vfhx^pi. 
■;aid feedback -^i^.^l gener a te hv dividing said sampling qIqc-M, said dm^ cii;cuit gei^eyatinR 
..aid digital inT^tit according to tl^^- c^iffftrence of the phases of said time reference signal and said 
feedback signal ««id dimtal inp u t r..n^ing s^d clock frenerator circuit to generate sajd signal 
gynchronized with said time r '-^""'^"'"' f pwal 

13. (r««rr^, y|rfi"> cl^m 12. w h^rft^n said clock generator circuit, farthey c<?ffiprises: 
^.^.l^p flt^melim i T^^t^aT^vnndesirahleftequcnciesfrom '^id sipnal repi;eseiitetive 

nf Kflitl sampling Clock to generat e said sampling clock; and 

a phase-locked loop nPTX^t circuit tl^^t includes a discrete time psoillator (DTP). 

14. (j,^.,.)Tu. »f ^l<>iTn i:^, flirtber comprising a phase and fW-^^^gBcy detector fp^ 
^^^^'^ ^rr ^iffe^^^e of nh P ^^ h.t^..n ,^id feedback sifmal and said timn refers sipial. 

j5. (^^ryyy,^ ^ '^.^t »f ^l^iim 14. fart b ^ ri^mnrising a cbanre/disch^rse conlrol logic for 

t>.. .mnn^t of nha 5>- ■^r.rr^ nn to be made based on the determination of said 
Hif Terence of phase. 

16. (nv^ ^-r^- ■^^'^1'''^ ""^"^ «i.^1ogimn^ data and $aid tinie reference 
gl pnal are received on two separate sig nal paths. 

17. i^r-,: )'^' '-^-^"-^ 1^ there in said referexwfff f>Tr>ck compr i ges a binary simgl, 
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18. (r,PW- ^Thf> ^irftirit as Tecited ^-la^m 12. w herein said ss n^ pKnp clock has a sampling 
frequency equal to ss i'H times reference signal freQuency.. 

19. /^i ^rf;i^ circuit as redtp H r^"'"' farthef comnrisinF; 

fl .ft ^uencv correctirm lo^c for ad i ^ '^in p the phase of said sampling clock accoidinR to 
the long-term drifts in said time reference sigp al frequency: and 

^ phase correction logic for adiustiT^B the phase nf said aamnline clock acoording to th e 
phase difference in said feedback sig nal and said tiniB refweaice $iRnal, 

therein said frenii^ncy correcti o Ti 1r.«Tic and said phasf^ cx>Trection lopic f>rft implemented as two 
separacte control loops. 

20. (t,^ wWhe ciTCiiit as recited in claim 12. w herein said digital display comprises: , 
a display screen: and 

» Pf,p ^1 int^iace anangr ^ ^nerate d{ ^ ^^^ signals for the display screen ht*r%4 pn said 
plurality of digital image data elements, 

21. (^^^.• )Th.n.m^t »f claim 1 9. whe ^ir^ ^id dirital circAdt distributes phas^ etror between 
..H fe^hack si°T».1 .nd ,^id refer ^^ft r l^^^ during a fompitiison PVdf fty chanfHng th^ yl g m 
of indjyjfltial clock pulses in SP i^ sampling clock. 

22. (^^» >Th. ^-rrnit reclaim 19. whe r ^iT. said fteouency coitection logic generates a nmlti- 
hit number, wb^^in .aid multi-bi t »„xr,h^r i. representntiyft of the amount ofpha.se a^vanpe of 
^id ..mnlin^ clo -^ »-<-^t^ >^v DTO durinfr a. DTP rIocV p^od. and wherein said multj- 
h,-t ^.^ntation > T-^^^ "^^^ to rrarh said ^mp^ip fr^mipn(vy yntMn ^ short diiration. 
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23. (r.« w^ The Circuit of claim 19- -wherein s a id frequency correction loRic comprises: 

a first multiDlexor acr-«rting as inout Pnom and Fdn values, where in Pnom represent? an 
ft ^ted freQiiftnftv of said sampling clock p nd Fdo leiMesents the correction due to tfa? ^on^- 
term freque ncy djjbfts: 

a fli p-flon for storing a value representative f^f thft phase coTTection corresponding to the 

frequency correction logic; 

adder for adding pr siihlracting t h e ontnut of said first multiplefffor from the valy^ 
stored in said fli p-flon. wh^^n the outo n t of said adder ia stored iA said flip-flop; a^d 

. ■fi^n i ^Tr r'--^ coTT«ction conlrol coupled to s a i d flip- flop and said adder, wherein sm d 
ft^q iiencv corrt?rrion coniiol causes ..aid flin-floD to he set to Pnom fl t the beginning of a phaae 
arq iii.sition nto^ft- and wherein .-^aid frequency correction coptirol nairses said adder to add . oi: 
subtract Fdp d ^ p^ding on whether the sampE nfr c l o ck is early or late in comparison to said time 
reference. 

24. (npix AThe r.irCTiit of claim 12. ftirtb er comnrisinE: 

. T^h^si. and freauen ov detector for d ^t^rmitiing the difference of phase between sa jd 
fe.Hh..V rfrmal ^d «,id time rrfe r^^^^ ^i-<^:-1- wherein said phase and fr<.qiiencY detector asserts 
an FARLY sif ^«1 " ^I'mber of Tvilaea nronoTtionate to the difFeifrngg phase by wl^gh 
said feedback ^gnal is earlier th^T, .aid time Te fer e n ce sign al and a or a LATE sifipal a number of 

T>ronortio T1Tl T- ^^^^ ^ ''^ "^^V^^^ ^ ^'^'''^ ^"^^ feedback ^i fnal ^ later tfaaq said 
tiTTie reference signal: and 

p ^ha^ fyp-y^i^e^harge logic i m plemented usinp digital component?, said 

.harge/discharp ^ ^^T.tro1 logic i rH^idina a nhase integrator, said charge/discharge control lope 
.y..r^^ .aid pb ^e. ^^ t^>.tnr accoriHtiff fo fh<. mmiber pulses ^4 EARLY -Sipnal g^id 
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r.ATE signal is asserted, said charge/ d ificharge logic diseharging over a longer period of time 
than t>ift ftharping period so as to SDr A^H thft <<ifF ereiice in pha.se over a copipayison cycle, v^>fire>n 
the phase of said sampling clock is corrected during the discharging period. 

25. fa>^ ^^T^e r.i'rraiit of claim 2 A . fiirther comT v y^ 'ant r a sitm and zero crossing dgtector fof 
con-ectine anv over-correcHnTi nerformed hv said charge/discharge logic durinp .'?^d disoharRins 
period. 

26. (.^^^ w^A method of scaUng a. somce imag e frame fo«ned of a mimber of souToe in^^S?. 
elements to PTrivide a destin q tir„> i»nage frame formed of a minibeT of destination image 

Riftments- comprising: 

receiving said source image elaments in a r.ftofdance with a somoe frame ratei 
gr.aliTig said source image elament.^ indeo e ndentlv in both vertical andhorizonM 

directions to form said destination ^tr>«ffe elements: and 

fnrm'ma said destin ^^"" i^^^pe fra me bv t>rovidinP said destination im^? g^ements iaa, 

.^^^rH^nr^ with a destinat ion frame rate. W herein said source fiame rate is sul^?tantiallY equal to 

said des^r>fltion frame rate. 

27, f;.,^.^) A r^AflnnH claim 26. wherein a somce imape inoludos <>T 1» or mprp of S^d source . 
;r»^p^ fi ^mes. and vdieiei n ^ ^^tinarion i^pe cniresponding to said source image is senei;atga 

^ .rinp < i^,^i.ation i i ri f r ^« corresponding to each pf paid source image fi^es. 

28. (^^..r>A w.^h^H rented in c bini wherein when said scaling is npscalins, sjdd 
«!ca1in p fiirther comprises: 

S 
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replicating a plTJi-aHtv of said source image elemetrt s to obtain replicated source image 
elements. 

29. <;r>ftw^A m PtT''"<^ as recite' ^ ir, t^laim 1^. said scglinp f^^rt^^ comprising: 
;^t«;p^lat,iip^ sel ected ones of said source i mage elements and said repUcated source 

^TTia ffft ftlements to generate $3 '^ ^^stinarion image elements. 

30. (Tiew ) , ^ mfitliod an recited ft1a<ir> ^9. wherein said source imaae ftame includes a 
phir^lit y f.f -^nurce scan ^ir,e<R each of which includ fl .^ a number of said sourcejmage element?. 

Hft^na tion image frame includes a phiralitv of destination scan lines each of 
w^yh includes a number of said destinatioi^ ima^e elmients. 

31. rTift w)A method as recited in claim 3 0. ftuther comprising: 

n>iiTi p at least a pi^.<=ftnt scan line and a previ o ^is scan line for said interpolation, wherein 
c«H p,^.^t line and sai d n r T^-nii. scan li^ie are included in said T>Vm^^^ of souiyg ?caq 
lines. 

32. (n--) ^ ^^^'^^ c^laim ^1. wi i^r^ii^ at least onft of said source scan lines is used one or 
more times as apre ^'^"^ Iitic. 

33. rr,^h^^ t^.cited in clai m therein said source image frame has an associated 
fr.me a^^peetiati ^ ^x^«rein said destination image ftamchas an associated 

^.^;..Hnn in.5,aP frame asoe rt r^tin. herein said scaled dggtinatfon imap;e frame aspect ratio is 
rfifFerent from said source imag' ^ ^^^me aspect ratio. 
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34. fnaw ^A method as lecited in claim 26, wherein said sourc e frame rate is based upona 
fir^ r-lnrV grprriftl and wherein said destinatio Ti f^tn^ rate is based upon a second clock signal. 

35. faew^ A method as recited in claim 34. further comprising; 

storing said source image elements being receive d into a line buffer in accordance with 
said first cIock_sigDal: and 

thereafter, outputting said destinatinTi imape alements in accordance with said second 

clock signal. 

36. rnew^ A method of claim wherein said second clock sign al is locked to said first clock 
si pnal in a proportionu 

37. (new^ A method of claim 36. wherein siaid ptoportion is equal to a ratio of a to tal number 
of source image elements to a total number of destination image elem ents,. 

38. (Tiftw;^ A diP^tal display unit having a di splay screen for displaying a destination image 
frame formed of a r ^-^mhor nf d fisripation im age elements, comprising 

a display unit interface for disol a vi'Tii^ the destm^tiop image frame at a display mte based 

u pon a display clock signal: 

a converter circuit for gener ^t^n ^ a plurality of digital source image element s fiom an 
^^»rc^ image receiv^^ hy said di g ital display unit based upon a sampling clock signal 

^,t,^^4t. till. Anfi^n fT .^fflirce image has a aissociated time reference sipnal a^4 reference signal 

frequencyi 

a scaler unit coupled to t T^e converter circuit arranged to 

^A ^^vi. ^A\A digital source image ^^ftments m ?ooordar>ce with a first clock signal. 
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yale said soui^ ft itnaf Te elemeols independently in both ver tloal and horizontal 
dltections to form said destin ation image elements, and 

provide said destination image eleanents in acco raance -wifh a second clock signal 
to Hie dimlav imit interface wherein t he- first clock «>iffna1 and ifae second clook .sipnal are 
^^TfyT^ ff^rl .ciieh that a source frame r ^ t^ ""^ * destination frame rate are sttbstantiallv ^al; and 

a clock citcuit arranged to produce the display clock sig nal, the sampling clock 
sienal. the fiist clock signal and die second clock sig nal, wherein the sampling clock ig 
<s ynf:hmniy^ witf » t>ift time reference signal. 

39, rnPiw^ f dipital display unit as recited in claim 38. wherein the clock circuit receives a 
Hipi ^^l innut and fifenerates a signal representative of said gaTv^iTmp rrlofik with a freouencv 
determined by said distal inpnt 

40. rnew^ A digital display a« recit <>H i-n rla^iw -^0- farther comptising: 

a diaital drcuit for receivj' ^r "''^ reference sig nal and a feedback signal, wherein 
<^\A feedback signal is generated bv dividing said sa mpling clock, said digital circuit Ren^^tins 
««H Hipital in put according ta the difference of the p hases of said timft reference signal and said 
fe^barV iti pnaL said digital input >^ni.«n fr gai^ riock circuit to generate said sampling clock 
«pT.»i cynribrftniy ed With sajd time reference signal. 

41. fn««^| ^ fnetbod of disnlavinp an analog s ource image by a digital display unit fravinff a 
dis play screen as a destination image fanne fo r med of a ny mher of destination iniapft elements 
..,h^n>in th^ an^ilog .source. imBPe has a ^ f^tociated time reference signal and time reffjr^n^x sif>nal 
fteqn ftnf.Y^ comprising: 

ffvncbfOBizing q sqT"pM«g <^'^<^^ "^^"^ ^ refeKsnce signal; 
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pfrnftratiTi g a pliaralitv of digital source image elements fr om said analog source 
based upon said sampling clo cJc signal: 

optjonallv s ealin g said digital source image e lements bv a scaler unit by 

receiving said digital source ima g e elements at a source frame rate in accordance 
wifli a first clock signal, and 

scaling said source imiage elements independenttlv in both v ertical and horizontal 
directions to form sa i^ Hft^'natinTi imapre elements: and 

providing said destination image elements at a destination frame rate in 
accordance with a second clock signal to the disnlav unit interface, whearein said source 
fraTTie rate is substantially equal to said destina tion frame rate: and 
displaying the destination image el ements bv the digital display. 

42, (rLew) A method as recited in claim 41. furt her comprising: 

receiving a digital innut that causes said clock c ircuit to generate said si^al 
synchronized with said time reference signal: and 

generating a signal representative of said sa m pling clock with a frequency detenain edby 

said digital input. 

43. (r>.P^w )A method as recite '^ ^^^^^ ^S. comprising: 
generating a feedback signal bv dividing said sampling clock: and 

recetving said tjmft reference signal and a f e edback signal, wherein the digital mput is 
K^c^ ii pnii the difference o f th^ phases of said time reference sim^l and said feedback signal, 
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44. (new) A memory efficient display controller for upscaliug a source image at a 
first resolution to a destination image at a second resolution, comprising: 

an interface arranged to receive source image pixel data in accordance with a first clock: 
a line buffer having a sige in accordance with a first resolution scan line length arranged 

to receive the source image pixel data at a second clodc and store &s lecejYgd sguice mage 

pixel data therein; and 

an interpolator coupled to the line l?ufFer arranged to form the destination image using 

selected stored source image pixel de^ta read from said line buffer in accordance mth &e second 

clocks 

45. faew^ A display controller as recited in clainni M> wherein said interpolator 

comprises: 

a vertical interpolator unit arranged convert a first resolution number of scan lines to ^ 
second resolution TunvtVier of scan lines: and 

a horizontal interpolator unit coupled to the vertical interpolator unit arranged to cmy^ 
1 ea^ of ^e second resolution number of scan lines cadi having :^fi^ resolution scan Une 
length to a second resolution scan line lengflL 

46. (new) A display controller as redted in claim 45^ herein the interpolator further 
compiises; 

a second line buffer coupled to Ae vecric^ interpolator and Sac hM bug^ M stMng 
only a previous scan line. 

47. (new^ A disolav controller as. recited in claiin 46^ fijrfliCT comprising: 

13 
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a tiiiVH Vmft VrnfTfir fnr gtorinp a current scan line used with the previous scan line by fli^ 
yergcal iateipolator to convert the first resoliitjon mmber of scan lines to sec^ resolut^OA 
number of scan Imes. 

48. rnew^ A display controller as recite in ^aim 45^ y/b^^ Ac ]^ bu^ js a 
gjrigle port memory type lino buffer or wherein Ae Une bii^ i$ a dual ported memory type Ime 
VufFer. 

49. (new) A display controller as recited in claim 48. vgfe^^ ^im Ae Ime bn^ is 
Ae single port SDRAM, then the line buffer imther comprises a first bank and a second bank 
each having a size in accordance with the first re.solution scan lii^e length. 

50. rnewl A display controller as recited in claim 49^ whereiii vtffa^ data 
oOErespondiDg tn a. gniir<-A ima f e: scan line is received in the first theTi pixel data 
r^T^eprmriing to another source image iscan line can be co ncurrcntlY rgad fcm. M ■5e9on4 tmk 
as many times as required. 

51. faew^ A display controller as recited in claim 48. whprein v<^en said line buffg 
comprises the Hiial - ported memory, the data is rgad fi^ a ESt fljM ig diffeifffRt a fiost ^ 
receives the source image pbcel data. 

52. (new) A di ^lav controller as redtgd in daim 44^ vA^^ flg second clofik; is 
locked to said first clock in a proportion. 
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53. (new) A display controllCT as recited in claim 52, whcareia flie proportioa is egrial 
u> (Mtofal.sTib.-- src,time5.VtotaI.sub.- sTcVfHtQtal-sub.- dstti? r>« ytntal sub.- ±<it\ wherein 
HtotaLsub .— sxc and Htotal.sub.-- dst represent the total number, of gixels in sgmce scan 
ling and each destination scan line respectively- and Vtotal^sub,- sm and Vtotat^subr- M 
represent the total nnmbcr of lines in the source image and the destination image, respectively. 

54. faew> The display controller of ^^^iiri wh^rain the source image pixel data is 
received using an externally generated first clock that is lo^d tg said fi^ rfock, 

55. fnew^ The display controller of cl^ 44^ wfaCT^ said sogce image has a smarce 
image aspect ratio and said destination image has a destination image aspect ratio that can be not 
equal to said source aspect ratio. 

56. (new) The display controller of claim 44, wherein when said source i^ge is ^ 
analnp source image tiien tiie first do^ is l^Qvided to a smjElmg circuit CQupled to ^ mtoface 
that samples the analog source image at a sampling frequency &.<± Sasi each scan Ime in smd 
source image is sampled a number of times equal to a ixumber ^pixela hi each scan 1^ jn flic 
destination image. 

57. faew^l A display controller as recited in claim 44^ wherein an overtun condition m 
the line buffer is avoided bv t^^mmencmg writing the source hnage pixel <^ m a particular 
^g^^ fhf Im£ blf&l T^f^f^ of the stored pixel data has conm^c^ B ^at ggygoe 
^grtion of the line buffer. 

58. faew) A display controllg as recited m dgim 44 fig^ cpn^p^smg: 
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an mcomplete interpolated scan line suppressor unit cgoplgd to the interpolator unit 
aff anged to suppress a last incomplete scan line after the horizontal interpolation based ^ 
truncated vertical scaling factor CVSF). 

59. (nfew;^ A ^splav controller as r^ted in daim 58^ the truncated VSF is 
derived bv truncating a fractional Eortiou of VSF where VSF is eoual to tibie 3^ Vg^e.sub,- 
srcA^ size.sub. — dst 

60, rnew^ The displav conwll^ of claim vjb^ein display controllei: is 
coupled to a display unit. 

6L faew^ A display controller as redted in clann 60, ^^eja ga|(^ display lanit 
comprises an fixed array monitor selected from a groiffi comprising: an LCD ffi^jtcg and a 
plasma monitor. 

62. rnew^ A display controller as recited in claim 6L whc]^ ^SQjm laJt is of a 
television system, 

63. (new)AdiSB^cog&ollCTasreci^ 

corresponds to VGA and wherein &e second resolution corresponds to a resolu^Qp selected from 
p_ r-npri-'-r ^^-^ ■ S^^l^ WOSXGA, and QSXGA. 

64. jr^^^) A fligijav controller as recited in ^aim 44. wh^eia ^ digBlax controller i§ 
formed as a single integrated circuit 



16 

PAGE 18129 ' RCVD AT 6/18/2004 2:10:13 PM [Eastern Daylight Time] ^ 



JUN. 18. 2004 1 1:18AM 1 650961 8301 



NO. 267 P. 1 



65. (new) A memory efficient method for upscaling a source image ai a first 
resolution to a degtin arion image at a second ^solution, comprising: 

receiving source image pixel data in accordance yddi a first clo^k 
Tftf ftiviTiyT the sonrce image pixel data a Hne buffer having a size in accordance with the 
jSrst resolution at a second oILock: 

storing the received so\if ce image pixel data m ^ liSg bu^^ 

reading selected stored image pixel data &om the line buffer at ^ gggond clo^ and 
forming the HR^rinfltfr^n iTnag ^e usinjnc the selected stored source image pixel datgL 

66. (npw) j\ metlifvl flg ig^^tgd in claim 65. wherein the fonning the destination image 
comprises: 

converting a first resolution number of scan lines to a second resolution number of scan 

lines: and 

converting each of the second resolution number of scan lines ea^ having a first 
resolution scan line length to a second resolution scan line Irngtik 

67. (new^ A method as recited in claim 66, wherein the converting the first resolution 
Tinmber of scan lines to the second resolution number pJT scm ]^ is based UBQa lismg a gmSS^ 
scan line and a gevious scan line> 

68. A method as recited in cldm 61. wherein Ae line bu^ is a sin^ port 
memory type line buffer or wherein the line buffer is a dual ported m^ory type line 1?^ffe^, 
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69. fnew^ A method as recited in rJaim 68. yherem when, the line buffer is the single 
port SDRAM, gien the line bixffer further comprises a first bank and a second bank eacJi having a 
size in accordance with the first resoludon scan line length. 

70. (nsw) A method as recited in claim 69, ^viierem when pixel data corresponding to 
a source ima^e scan line is received in the first bank, then pixel data coiresnonding to another 
source image scan liTie can be concurrently read from the second bank as many times as required. 

71. fnew^ A method as recited in claim 68, wher ein when said line buffet comprises 
the dual-ported memory, the data is read from a port that is different fi-om a port that receives the 
source image pixel data. 

7Z faew"^ A method as recited in claim 65. Jfarther comprising; 
locking the second clock to the first clock in a proportion. 

73. faew^ A method as recited in claim 72. wherein the proportion is equal to 
rHtotaI.sub.-- src.times.Vtotal.sub.- 5rcVrHtotal.sub.- dst.times.VtQtal.sub.- dst>, wherein 
Htotal.sub,- src and Htotal.sub.- dst represent the tQ^^ number of pixels in each source scan 
lioe and each destination scan line r^pectivelv. and VtotaLsub-— sro and Vtotal,sub,- dst 
represent the total number of lines in the source image and the destination image, respectivelv, 

74, (new) A method as recited in claim 65, wherein the source image riK^ data is 
received using an extemaUv generated first clo^ 
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75. (new) A metiaod as recited in claim 65, wherein said source igmge has a soigce 
image aspect rado and said destination image has a destination image aspect ratio Aat cm be not 
equal to said soxxrce aspect ratio« 

76. (nftw) ^ TTigjjwl flg recited in claim 65, wfaereiii when said sojHce imafi_e is m 
analog source image then the first clock is provided to a sfflipling cjrcmt cougled to ^ interface 
that samples the analog source image at a sampling frequency such thM eadi scan line in sgid 
source image is sampled a number of times equal to a number of pbg^ m ca^ scan Ime in &e 
destination imaEc, 

77. (new) A method as recited in claim 65. further comprising: 

commeaicing writing the source image pbcel data in a particular portion of the line bufifa: 
after the rftflHin^ of the stored pixel data has commenced in that same gortion of flie lige buj^ 
thereby avoiding an overrun condition in th e line buff^ 

78. (n^-^y) £ TirigtWl Tft^jtgr^ vn claim 66 further comprising: 

suppressing a last mcomplete scan line based upon a truncated vertical scaling factor 

CVSF\ 

79. (new) A method as recited in claim 78. wherein the truncated VSF is derived by 
amcatjng a Sacttonal BQrtiMj of VgF where VSF is egual to fee ratio Vsi3:e.sub.- 

SIC size.sub. — dst 

80. (1^axxr) Tn£^rtvvl ^ rpfjted jn claim 65. wherein said djSBlay controller, is couBled 
to a display unit 

19 



PAGE 21/29 « RCVD AT 6/18f2004 2:10:13 PM [Eastern Daylight Ti^^^ 



JUN. 18. 2004 IIMSAM 16509518301 



NO. 267 P. 22/29 



81. (tl&w) a melfaod as recited in claim 80. wherein the display unit comprises an 
fixed array monitor selected from a group comprising: an LCD monitor and a plasma monitor. 

82. (new) A method as recited in claim 8L wherein the display wAt is part of a 
television system. 

83. (ncw^ A method as recited in claim 65. wherein the first resolution coiresponds to 
VGA and wherein the second resolution conresponds to a resolution selected fron^ 5 aoM 
comprising: XGA. SXGA, UXGA. WOSXGA, and QSXGA^ 

84. rnew^ A method as recited in claim 65. wherein the display controller is formed as 
a single integrated circuit, 

85. (t^^w) roTYipnteip program product formemoi^ efficient upscaliPg of a soim^e 
image at a first resolution to a destinadon image at a second resolution^ oomprisingi 

computer code for receiving source imag_e_ pbcel data in. accordance wiA a first clockj 
computer code, for receiving the source image pixel data ^ ling bu^; having a size in 

accordance with the first resolution at a sromd olo^ 

computer code for storing the received source imajge pixel data m fee line bi^^ 
computer code for reading selected stored image pixel data ftom ^ line at ^ 

second clock: 

computer code fcr forming the destination image u^g the selected stored sgigce jmage 

pixel datai and 

computer readable medium for storing fee computei; c^dg. 
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86. (xiew) Computer program product as recited in claim 85, whereia the foimng fee 
destination image comprises; 

computer code for converting a first resolution nvrober of scm liii^ to a sec^d 
resolution number of scan lines: and 

computj^, code for converting each of tibie second resolution number of scan lines each 
having a first resolution scan line length to a second resolution scan line Ignfiflk 

87. (nsvi) Computer p ro gram product as recited in claim 86, wherein, the converting 
the jBist resolution number of scan lines to the second resolution number of scan line js based 
upon ufiiTi^ a current scan line and a previous scan line^ 

8 8 . (new) Computer program product as recited in claim 85^ wherein Ae line buffer is 
a single port memory type line buffer or wherein the line buffer m a dual ported memory am 
line bufFer> 

89- fnew*^ Computer program product as recited in claim 88, wherein ^hen fl>e line 
bufFer is the angle port SDRAM, then the line buffer fortiier comprises a first bank and a second 
tenk each having a size in accordance with the first resolution scan line length. 

90. (new;^ Computer program product as recited in claim 89^ wherein when pixel data 
corresponding to a source image scan Une is r^gjygd 35 &S bank^ ihesa pixel d^ 
coTresoonding to another source image scan line can be concurrentlv read fi:Qm flie second bank 
as many times as required. 
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91. (n&w) Comiyitter program product as recited in cladm 88, v^crein when said line 
buffer comprises the dual-ported memory, the data is read from a port that Is HifPerent from a' 
port that receives the source image pixel data, 

92. (new) Compute program product as recited in claim _8S^ fijrtfaer comtJri^ng: 
computer code fox locking the second clock to the first clock in a proportion, 

93. (newl Computer program product as recited in claim 92^ wherein the proportion is 
ggual to gjtotal.sub.- src.tiir ^« VtofaT.Qiih.- sTcVrHtotaI.sub,- dsttimes.Vtotal.sub.- dst>. 
wherein Htotal.sub^ src and Htotal.sub.-- dst represent the total niimber of gbcgls in each source 
scan line and each destinatjon scan line respectively, and VtQtal.sub.— src and Vtotal.sub.--- dst 
represent the total number of lines in the source image and the destination jn^gg^ yespect i Y elYT 

94. (new^^ Computer program product as recited in claim 85. wherein the source 
image pixel data is received using an exteniallv generated first clocks 

95. (new) Computer program T^roduct as lecited jn chim 85^ ^^^^rein said source 
image has a source in^ge aspect tatto and said destination image has a destination ima^ e ageect 
ratio that can be not equal to said source aspect ratio. 

96. fnew^ Computer progr am product as recked in claim 85^ j^^^ein v^^en said 
source image is an analog source image then the first clodfc is provided IQ a sampling circuit 
coupled to the interface that samples the analog source in^ge at a san^jag frequmcy sy^ feat 
each scan line in said source image is sampled a number of times egu^ to a pumber of pixels in 
each, scan line in the destination images. 
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97. (new\ Computer program product as recit^ in claim 85, fixrtfaer comprising: 
computer code for commencing writing: the source image pixel data in a particular 

portion of the line buffer after the reading of the stored pixel data has commeaced in that; same 
portion of the line buffer thereby avoiding an overrun condition in ttie line birffcr, 

98. (new) Computer program product as recited in claim 86 further comprising: 
computer code for supprcsfiiTify a last incomplete scan line based upon a truncated vertical 

scaling factor (VSF). 

99. (n&w) Computer program product as recited in claim 98. ^yherein the truncated 
VSF is derived by truncating a fractional portion of VSF where VSF is e qual to the ratio 

Vsize.sub.-- $rcA^$i2£;.sub. — dst, 

100. (new^ Computer program product as recited in claim 85m wherein said display 
controller is coupled to a display unit 

101- (new) Computer program product as recited in claim 100^ wherein the display unit 
comprises an fixed array monitor selected from a group comprising: an LCD monitor and a 
plasma monitor. 

I02« fnew*^ Computer program product as recited m claim 101 , wherein the display unit 
is part of a television system. 
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103. (new*^ Computer prograin product as recited in claim 85. wherein the first 
resolution csoiresponds to VGA and wherein the second resolution corresponds to a resolutiLon 
selected from a group comprising: XGA. SXGA. UXGA. WOSXGA, and OSXGA, 

104. (new) Computer program tyoduct as recited in claim 85, wfaerein the display 
controller is foroieji as a single integrated circuit. 
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